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1
DIRECT-CURRENT CIRCUIT BREAKER

FIELD

The present invention relates to a direct-current circuit
breaker that interrupts high voltage high direct current.

BACKGROUND

In conventional direct-current circuit breakers that inter-
rupt direct current, because, unlike alternating current, direct
current does not have a current zero point, a current zero point
is formed by superimposing resonance current from a com-
mutation circuit composed of'a capacitor and a reactor and the
direct current is interrupted at the current zero point. Such
methods of forming a current zero point include a forced
commutation method (for example, Patent Literature 1) in
which a commutation circuit composed of a capacitor and a
reactor is connected in parallel with an interrupting unit and
the resonance current with the reactor due to the discharge of
the charge stored in the capacitor in advance is superimposed
on the direct current, thereby forming a current zero point,
and a self-commutation method (for example, Patent Litera-
ture 2) in which a commutation circuit composed of a capaci-
tor and a reactor is connected in parallel with an interrupting
unit and a current zero point is formed by using a self-oscil-
lation phenomenon based on the interaction between an arc
and the commutation circuit.

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Patent Application Laid-open
No. S58-34525

Patent Literature 2: Japanese Patent Application Laid-open
No. S58-57229

SUMMARY
Technical Problem

However, with the conventional technologies described
above, in either method, there is a problem in that devices,
such as a capacitor, in the commutation circuit increase in size
and cost as the current interruption burden becomes severe.

The present invention has been achieved in view of the
above and an object of the present invention is to provide a
direct-current circuit breaker capable of reducing the current
interruption burden and reducing the size and cost of the
devices.

Solution to Problem

In order to solve the above problems and achieve the object,
a direct-current circuit breaker according to the present inven-
tion is a direct-current circuit breaker that includes an inter-
rupting unit that forms a current zero point by superimposing
a resonance current on a direct current flowing in a direct-
current line and interrupts the direct current at the current zero
point, the direct-current circuit breaker including: a switching
unit inserted in the direct-current line; and a commutation
circuit that includes a series circuit including a first current-
limiting element and the interrupting unit and becomes a flow
path for the direct current after the switching unit is opened,
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wherein current interruption is performed by the interrupting
unit after the switching unit is opened.

Advantageous Effects of Invention

According to the present invention, an effect is obtained
where the current interruption burden of the direct-current
circuit breaker can be reduced and the size and cost of the
devices can be reduced.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a diagram illustrating a configuration example of
a direct-current circuit breaker according to a first embodi-
ment.

FIG. 2 is a diagram illustrating the behavior of a fault
current according to the presence or absence of areactor in the
direct-current circuit breaker according to the first embodi-
ment.

FIG. 3 is a diagram illustrating a configuration example of
a direct-current circuit breaker according to a second embodi-
ment.

FIG. 4 is a diagram illustrating a configuration example of
a direct-current circuit breaker according to a third embodi-
ment.

FIG. 5 is a diagram illustrating a configuration example of
a direct-current circuit breaker according to a fourth embodi-
ment.

FIG. 6 is a diagram illustrating a configuration example of
a direct-current circuit breaker according to a fifth embodi-
ment.

FIG. 7 is a diagram illustrating a configuration example of
a direct-current circuit breaker according to a sixth embodi-
ment.

DESCRIPTION OF EMBODIMENTS

A direct-current circuit breaker according to embodiments
of'the present invention will be explained below in detail with
reference to the accompanying drawings. The present inven-
tion is not limited to the embodiments described below.

First Embodiment

FIG. 1 is a diagram illustrating a configuration example of
a direct-current circuit breaker according to a first embodi-
ment. As illustrated in FIG. 1, the direct-current circuit
breaker according to the first embodiment includes a switch-
ing unit 2 inserted in a direct-current line 1 and a commutation
circuit 3 that is configured by a series circuit including a
reactor 4, which is a first current-limiting element, and an
interrupting unit 5, that is connected in parallel with the
switching unit 2, and that becomes a direct-current flow path
after the switching unit 2 is opened. In the present embodi-
ment, the interrupting unit 5 includes a current-zero-point
forming unit that uses a self-excited commutation method or
a forced commutation method described above and can inter-
rupt direct current. It is assumed that the switching unit 2 can
operate at higher speed than the interrupting unit 5 and thus
the time until the switching unit 2 is opened upon receiving an
opening instruction from a control circuit (not illustrated) is
shorter than that in the interrupting unit 5. In a steady state, the
switching unit 2 and the interrupting unit 5 are controlled such
that they are in a closed state.

Next, an explanation will be given of an operation when the
direct-current circuit breaker according to the first embodi-
ment interrupts direct current with reference to FIG. 1 and
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FIG. 2. FIG. 2 is a diagram illustrating the behavior of a fault
current according to the presence or absence of areactor in the
direct-current circuit breaker according to the first embodi-
ment. In the example illustrated in FIG. 2, an example is
illustrated where a failure (in this embodiment, for example,
aground fault on the right end side of the direct-current circuit
breaker illustrated in FIG. 1) occurs in the direct-current line
1 at the time t1 (=0.1 s).

As illustrated in FIG. 2, when the ground fault described
above occurs in the direct-current line 1 at the time t1 (=0.1 5),
a fault current starts to flow in the direct-current line 1.

At this point, when an opening instruction is output to the
switching unit 2 and the interrupting unit 5 from the control
circuit (not illustrated) and the switching unit 2 is controlled
such that it is opened at the time t2, the fault current is
commutated to the commutation circuit 3. At this point, when
the reactor 4 is present, the value of the fault current flowing
in the direct-current line 1 once becomes approximately zero
and then the fault current flowing through the commutation
circuit 3, i.e., the series circuit including the reactor 4 and the
interrupting unit 5, gradually increases (the line indicated by
the solid line in FIG. 2).

Thereafter, at the time t3 (=0.2 s), the current is interrupted
by the interrupting unit 5, whereby interruption of the fault
current is completed.

When the reactor 4 is not present, the fault current rises
sharply from the point at which the ground fault occurs at the
time t1 (=0.1 s) (the line indicated by the broken line in FIG.
2) compared with the case where the reactor 4 is present. In
the present embodiment, the rise of the fault current can be
delayed due to the inductance of the reactor 4; therefore, the
fault-current instantaneous value at the fault-current interrup-
tion time t3 (=0.2 s) is reduced compared with the case where
the reactor 4 is not present. Thus, the current interruption
burden of the interrupting unit 5 can be reduced. Overvoltage
that occurs between the electrodes of the interrupting unit 5
after the current interruption can be absorbed, for example, by
connecting a surge absorber in parallel with the interrupting
unit 5.

As described above, the direct-current circuit breaker
according to the first embodiment includes a switching unit
that is inserted in the direct-current line and becomes a flow
path for direct current in a steady state, and a commutation
circuit that includes a reactor and an interrupting unit, that is
connected in parallel with the switching unit, and that
becomes a flow path for direct current after the switching unit
is opened, wherein current interruption is performed by the
interrupting unit after the switching unit is opened. Therefore,
the instantaneous value of the current that flows in the inter-
rupting unit at the current interruption time is reduced,
enabling the current interruption burden of the interruption
unit to be reduced. Accordingly, devices, such as a capacitor
from which the interrupting unit is configured, can be reduced
in size. Therefore, the direct-current circuit breaker can be
reduced in size and cost.

It is sufficient that the timing at which an opening instruc-
tion is output to the switching unit and the interrupting unit is
the timing at which the interrupting unit is opened after the
switching unit is opened, and it is obvious that the present
invention is not limited by the timing at which an opening
instruction is output to the switching unit and the interrupting
unit.

Moreover, in the first embodiment described above, an
explanation is given of an example where overvoltage that
occurs between both ends of the interrupting unit after the
current interruption is absorbed by a surge absorber; however,
the configuration may be such that a surge absorber is not
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4

provided depending on the breakdown voltage of the inter-
rupting unit and other circuit conditions.

Second Embodiment

FIG. 3 is a diagram illustrating a configuration example of
a direct-current circuit breaker according to a second embodi-
ment. Components identical or equivalent to those of the first
embodiment are denoted by the same reference symbols and
explanations thereof will be omitted.

In the present embodiment, as illustrated in FIG. 3, the
configuration is such that a saturable reactor 8 is inserted as
the first current-limiting element instead of the reactor 4
explained in the first embodiment.

In a steady state, the saturable reactor 8 is saturated such
that it enters a low-impedance state. When a fault occurs in the
direct-current line 1, after the switching unit 2 is controlled
such thatit is opened, the saturable reactor 8 is controlled such
that it is in an unsaturated state and thus enters a high-imped-
ance state. Accordingly, when a fault current is commutated
to the commutation circuit 3, the saturable reactor 8 is in a
low-impedance state; therefore, it is possible to reduce the
burden when the switching unit 2 is opened. Therefore, the
fault current can be easily commutated to the commutation
circuit 3. Moreover, after the switching unit 2 is controlled
such that it is opened, that is, after the fault current is com-
mutated to the commutation circuit 3, the saturable reactor 8
is caused to enter a high-impedance state. Thus, in a similar
manner to the first embodiment, the current interruption bur-
den of the interrupting unit 5 can be reduced.

As described above, according to the direct-current circuit
breaker in the second embodiment, the saturable reactor is
inserted as the first current-limiting element and, in a steady
state, the saturable reactor is saturated such that it enters a
low-impedance state. Therefore, when the fault current is
commutated to the commutation circuit, it is possible to
reduce the burden when the switching unit is opened and thus
the fault current can be easily commutated to the commuta-
tion circuit.

Moreover, after the fault current is commutated to the
commutation circuit, the saturable reactor, which is the first
current-limiting element, is caused to enter a high-impedance
state; therefore, the fault-current instantaneous value at the
fault-current interruption time is reduced. Therefore, in a
similar manner to the first embodiment, the current interrup-
tion burden of the interrupting unit can be reduced. Accord-
ingly, devices, such as a capacitor from which the interrupting
unit is configured, can be reduced in size. Therefore, the
direct-current circuit breaker can be reduced in size and cost.

Inthe second embodiment described above, an explanation
is given of an example where the saturable reactor is inserted
as the first current-limiting element instead of the reactor
explained in the first embodiment; however, it is obvious that
the same effects can be obtained as long as the first current-
limiting element is an element capable of controlling the
impedance as described above.

Third Embodiment

FIG. 4 is a diagram illustrating a configuration example of
a direct-current circuit breaker according to a third embodi-
ment. Components identical or equivalent to those of the first
embodiment are denoted by the same reference symbols and
explanations thereof will be omitted.

In the present embodiment, as illustrated in FIG. 4, the
configuration is such that a second current-limiting element 6
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is inserted in series with the switching unit 2 explained in the
first embodiment in the direct-current line 1.

It is assumed in the present embodiment that the second
current-limiting element 6 is an element in which the imped-
ance becomes approximately zero in a steady state (for
example, when the direct current value is about 2000 A) and
the impedance increases when the fault current (for example,
S50KA or larger) at the time of the occurrence of a fault is about
to flow, for example, a superconducting fault current limiter
that instantaneously transitions from the superconducting
state to the normal conducting state when overcurrent flows.

With such a configuration, the fault current that flows in the
switching unit 2 when a fault occurs is instantaneously sup-
pressed; therefore, it is possible to reduce the burden when the
switching unit 2 is opened. Therefore, the fault current can be
easily commutated to the commutation circuit 3. Moreover,
after the fault current is commutated to the commutation
circuit 3, in a similar manner to the first embodiment, the
fault-current instantaneous value at the fault-current interrup-
tion time is reduced due to the action of the reactor 4, which
is the first current-limiting element; therefore, the current
interruption burden of the interrupting unit 5 can be reduced.

As described above, the direct-current circuit breaker
according to the third embodiment is configured such that the
second current-limiting element, in which the impedance
becomes approximately zero in a steady state and the imped-
ance increases when the fault current at the time of the occur-
rence of a fault is about to flow, is inserted in series with the
switching unit in the direct-current line. Therefore, the fault
current that flows in the switching unit when a fault occurs is
instantaneously suppressed. Accordingly, in a similar manner
to the second embodiment, the burden when the switching
unit is opened can be reduced. Therefore, the fault current can
be easily commutated to the commutation circuit.

Moreover, in a similar manner to the first embodiment,
after the fault current is commutated to the commutation
circuit, the fault-current instantaneous value at the fault-cur-
rent interruption time is reduced due to the action of the
reactor, which is the first current-limiting element; therefore,
the current interruption burden of the interrupting unit can be
reduced. Accordingly, devices, such as a capacitor from
which the interrupting unit is configured, can be reduced in
size. Therefore, the direct-current circuit breaker can be
reduced in size and cost.

The configuration in the third embodiment can be applied
to the configuration in the second embodiment. The configu-
ration may be such that the commutation circuit is configured
by connecting the saturable reactor, which is the first current-
limiting element, and the interrupting unit in series, and the
second current-limiting element and the switching unit are
connected in series. With this configuration, the fault current
can be further easily commutated to the commutation circuit
3.

Fourth Embodiment

FIG. 5 is a diagram illustrating a configuration example of
a direct-current circuit breaker according to a fourth embodi-
ment. Components identical or equivalent to those of the first
embodiment are denoted by the same reference symbols and
explanations thereof will be omitted.

In the present embodiment, as illustrated in FIG. 5, the
configuration is such that a GTO (Gate Turn-oft thyristor) 7 is
used as the switching unit 2. By using a semiconductor
switching element such as the GTO 7, the semiconductor
switching element is controlled such that it is definitely
turned off before the current interruption time at which cur-
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6

rent is interrupted by the interrupting unit 5. Therefore, the
fault current can be commutated to the commutation circuit 3.

The GTO 7 is controlled such that it is turned on in a steady
state and is turned off when a fault occurs in the direct-current
line 1, thereby commutating the fault current to the commu-
tation circuit 3. After the fault current is commutated to the
commutation circuit 3, in a similar manner to the first to third
embodiments, the fault-current instantaneous value at the
fault-current interruption time is reduced due to the action of
the first current-limiting element; therefore, the current inter-
ruption burden of the interrupting unit 5 can be reduced.

The example in FIG. 5 illustrates the configuration in
which the GTO 7 is used as the switching unit 2; however, for
example, the configuration may be such that a semiconductor
switching element such as an IGBT (Insulated Gate Bipolar
Transistor) is used, and it is obvious that the same effects can
be obtained.

As described above, the direct-current circuit breaker
according to the fourth embodiment is configured such that a
semiconductor switching element, such as a GTO and an
IGBT, is used as the switching unit; therefore, the fault cur-
rent can be definitely commutated to the commutation circuit
before the current interruption time at which current is inter-
rupted by the interrupting unit.

In the fourth embodiment described above, an explanation
is given of an example where a semiconductor switching
element is used as the switching unit explained in the first
embodiment; however, the configuration in the fourth
embodiment can be applied to the configurations in the sec-
ond and third embodiments and it is obvious that the same
effects as those in the above embodiments can be obtained.

Fifth Embodiment

FIG. 6 is a diagram illustrating a configuration example of
a direct-current circuit breaker according to a fifth embodi-
ment. Components identical or equivalent to those of the
fourth embodiment are denoted by the same reference sym-
bols and explanations thereof will be omitted.

In the configuration in the fourth embodiment, it is
assumed that direct current flows from the left end side to the
right end side; however, in the present embodiment, as illus-
trated in FIG. 6, the configuration is such that GTOs 7a and 75
are connected in anti-parallel as the switching unit 2 so as to
enable bidirectional conduction.

The GTOs 7a and 75 are controlled such that they are
turned on in a steady state and are turned off when a fault
occurs in the direct-current line 1, thereby commutating the
fault current to the commutation circuit 3. After the fault
current is commutated to the commutation circuit 3, in a
similar manner to the first to fourth embodiments, the fault-
current instantaneous value at the fault-current interruption
time is reduced due to the action of the first current-limiting
element; therefore, the current interruption burden of the
interrupting unit 5 can be reduced.

The example in FIG. 6 illustrates a configuration in which
the GTOs 7a and 75 are used as the switching unit 2; however,
in a similar manner to the fourth embodiment, for example,
the configuration may be such that semiconductor switching
elements such as IGBTs are used, and it is obvious that the
same effects can be obtained.

As described above, the direct-current circuit breaker
according to the fifth embodiment is configured such that
semiconductor switching elements, such as GTOs and
IGBTs, are connected in anti-parallel as the switching unit;
therefore, the fault current can be definitely commutated to
the commutation circuit before the current interruption time
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at which current is interrupted by the interrupting unit regard-
less of the conduction direction.

In the fifth embodiment described above, an explanation is
given of an example where the switching unit is configured by
connecting the semiconductor switching elements explained
in the fourth embodiment in anti-parallel; however, the con-
figuration in the fifth embodiment can be applied to the con-
figurations in the first to third embodiments and it is obvious
that the same effect as those in the above embodiments can be
obtained.

Sixth Embodiment

FIG. 7 is a diagram illustrating a configuration example of
a direct-current circuit breaker according to a sixth embodi-
ment. In the present embodiment, the direct-current circuit
breaker is configured such that commutation circuits 3-1 to
3-rn composed of n series circuits, each including a corre-
sponding one of reactors 4-1 to 4-» and a corresponding one
of interrupting units 5-1 to 5-», are provided and the commu-
tation circuits 3-1 to 3-» are connected in parallel such that
each of the commutation circuits 3-1 to 3-» corresponds to the
switching unit 2 and a corresponding one of the interrupting
units 5-1 to 5-n.

In the direct-current circuit breaker according to the
present embodiment, when a fault occurs in the direct-current
line 1, after the switching unit 2 is opened, current interrup-
tionis performed in the following order: the interrupting units
5-1,5-2, ..., and 5-n. Accordingly, the fault-current instan-
taneous value at the fault-current interruption time at which
current is interrupted by each of the interrupting units 5-1 to
5-r can be suppressed to a low value; therefore, the current
interruption burden of each of the interrupting units 5-1to 5-»
can be reduced.

First, the switching unit 2 is opened and the fault current is
commutated to the commutation circuits 3-1 to 3-n. There-
fore, the fault current is divided between the interrupting units
5-1to 5-» depending on the addition of the impedance of each
of'the reactors 4-1 to 4-r. In other words, the fault current that
flows in the interrupting unit 5-1 flows only through the
reactor 4-1 and is therefore the largest, and the fault current
that flows in the interrupting unit 5-» flows through the reac-
tors 4-1 to 4-n and is therefore the smallest.

Next, when the current is interrupted by the interrupting
unit 5-1, the fault current is commutated to the commutation
circuits 3-2 to 3-» and the fault current is divided between the
interrupting units 5-2 to 5-». Accordingly, the fault current
that flows in each of the interrupting units 5-2 to 5-» increases
due to the reduction in the number of divisions of the fault
current. However, the fault current that flows in the interrupt-
ing unit 5-2 flows through the reactors 4-1 and 4-2; therefore,
the increment of the fault current due to the reduction in the
number of divisions is offset. Therefore, the increase of the
fault-current instantaneous value when the current is inter-
rupted by the interrupting unit 5-2 is suppressed to a low
value. Thereafter, interruption of the fault current is com-
pleted by performing current interruption sequentially by the
interrupting units 5-3, 5-4, . . ., and 5-n.

By current interruption sequentially being performed by
the interrupting units 5-1 to 5-» by the method described
above, the fault-current instantaneous value when the current
is interrupted by each of the interrupting units 5-1 to 5-» can
be suppressed to a low value; therefore, the current interrup-
tion burden of each of the interrupting units 5-1 to 5-» can be
reduced. Moreover, the fault current is commutated to a plu-
rality of the commutation circuits 3-1 to 3-z from the switch-
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ing unit 2; therefore, the fault current can be more easily
commutated to the commutation circuits 3-1 to 3-» from the
switching unit 2.

As described above, the direct-current circuit breaker
according to the sixth embodiment includes a plurality of
commutation circuits, each including a series circuit that
includes a reactor and an interrupting unit, and is configured
by connecting the commutation circuits in parallel such that
each of the commutation circuits corresponds to the switch-
ing unit and a corresponding one of the interrupting units.
Accordingly, the fault current is commutated to a plurality of
the commutation circuits from the switching unit and thus the
fault current can be more easily commutated to the commu-
tation circuit from the switching unit.

Moreover, current interruption is performed sequentially
starting from the interrupting unit that is connected in series
with the least number of reactors. Accordingly the fault-
current instantaneous value at the current interruption time at
which current is interrupted by each interrupting unit can be
suppressed to a low value; therefore, the current interruption
burden of each interrupting unit can be reduced.

In the sixth embodiment described above, an explanation is
given of a configuration example in which a plurality of the
commutation circuits, each including a series circuit that
includes a reactor and an interrupting unit, explained in the
first embodiment are included; however, the configuration in
the sixth embodiment can be applied to the configurations in
the second to fifth embodiments and it is obvious that the
same effect as those in the above embodiments can be
obtained.

Moreover, the configurations illustrated in the above
embodiments are examples of the configuration of the present
invention and it is obvious that the configurations can be
combined with other publicly known technologies and the
configurations can be changed, for example, by omitting a
part thereof without departing from the scope of the present
invention.

REFERENCE SIGNS LIST

1 direct-current line
2 switching unit

3,3-1,3-2, ..., 3-n commutation circuit
4,4-1,4-2, ..., 4-n reactor (first current-limiting element)
5,5-1,5-2, ..., 5-n interrupting unit

6 second current-limiting element
7 GTO (semiconductor switching element)
8 saturable reactor (first current-limiting element)

The invention claimed is:

1. A direct-current circuit breaker that includes an inter-
rupting unit that forms a current zero point by superimposing
a resonance current on a direct current flowing in a direct-
current line and interrupts the direct current at the current zero
point, the direct-current circuit breaker comprising:

a switching unit inserted in the direct-current line;

a commutation circuit that includes a series circuit includ-
ing a first current-limiting element, which is a reactor,
and the interrupting unit and becomes a flow path for the
direct current after the switching unit is opened, and

a second current-limiting element which is inserted in
series with the switching unit in the direct-current line,
in which an impedance becomes approximately zero in
a steady state, and in which an impedance instanta-
neously increases when overcurrent flows,
wherein the second current-limiting element and the

switching unit are parallel to the first current-limiting
element and the interrupting unit,
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wherein current interruption is performed by the inter-
rupting unit after the switching unit is opened,

wherein the first current-limiting element is a saturable
reactor and is controlled such that it changes to a
high-impedance state from a low-impedance state
immediately after the switching unit is opened and the
direct current is commutated to the commutation cir-
cuit, and

wherein the switching unit is a semiconductor switching
element.

2. The direct-current circuit breaker according to claim 1,
wherein the second current-limiting element is a supercon-
ducting fault current limiter that instantaneously transitions
from a superconducting state to a normal conducting state
when overcurrent flows.

3. The direct-current circuit breaker according to claim 1,
wherein the switching unit is configured by connecting semi-
conductor switching elements in anti-parallel.

4. The direct-current circuit breaker according to claim 1,
comprising a plurality of the commutation circuits, each
including a series circuit that includes the first current-limit-
ing element and the interrupting unit,

the commutation circuits are connected in parallel such

that each of the commutation circuits corresponds to the
switching unit and a corresponding one of the interrupt-
ing units, and

current interruption is performed sequentially starting

from the interrupting unit that is connected in series with
a least number of the first current-limiting elements.
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